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We aimed to determine the outcome of small (o10mm) solid noncalcified pulmonary
nodules detected by chest computed tomography (CT) scans. Reports of low-dose chest CT
scans performed from October 2003 to April 2005 at the Seoul National University Hospital
Healthcare System Gangnam Center were reviewed to identify patients with solid
noncalcified pulmonary nodules smaller than 10mm. Partly solid and nonsolid nodules or
nodules without follow-up imaging within 1 year were excluded. Records were studied to
determine if the initial nodules had changed in size. A total of 3478 chest CT examinations
were performed, with 232 patients having small noncalcified nodules (6.7%). One hundred
and thirty-eight patients met the criteria (104 men and 34 women) and 213 nodules were
identified. The median age was 54 years (range 32–80) and at least 86 patients (62%) were
at low to intermediate risk for developing lung cancer. The largest nodule was less than
5mm in diameter in 87 patients (63%) and 5mm or more in 51 patients (37%). None of the
nodules grew and 29 (14%) decreased in size at follow-up CT scans performed within 12
months. When those individuals at low to intermediate risk for lung cancer were included,
solid noncalcified subcentimeter nodules were less frequently found in low-dose CT
screening and were nearly unchanged in size when a follow-up CT scan was done within 12
months.
& 2007 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
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Over the past 10 years, lung cancer screening studies using
computed tomography (CT) have demonstrated that lung
cancer can be diagnosed at a significantly earlier stage using
such screening than in standard clinical practice.1 In the first
published report of the Early Lung Cancer Action Project
(ELCAP), 23 of 27 cases of lung cancer (85%) were at stage I.2
The recent update of the international ELCAP (I-ELCAP, the
extension of the ELCAP to other centers) and the results of
similar studies conducted in North America, Europe and
Japan3–6 have demonstrated that the vast majority of lung
cancers detected by low-dose screening CT were stage I at
diagnosis. For patients with stage I lung cancer, the 5-year
survival rate exceeds 60%. Although no mature randomized
controlled study has yet proved that CT screening reduces
the mortality associated with lung cancer, recent observa-
tions have shown favorable outcomes.3,7–9
In CT screening for lung cancer, the advent of multi-
detector row scanners has led to a marked increase in the
rate of detection for small noncalcified nodules: this was
23.3% in the ELCAP studies, which used a CT scanner with a
single detector and 10mm collimation.2,10,11 However,
recent studies using multidetector CT have reported a
higher rate of detection of noncalcified nodules ranging
from 43% to 69%.5,12,13 From the high prevalence of
noncalcified nodules reported by these studies, we can
expect that physicians will be faced increasingly with how to
manage noncalcified pulmonary nodules, as chest CT is
performed more frequently for lung cancer screening.
As more data on the behavior of small pulmonary nodules
have become available,14,15 a number of guidelines and
algorithms for managing these nodules have been suggested
based on nodule size and density (solid, part solid or
nonsolid), and the circumstances of the CTstudy.16 However,
these suggestions need more evidence about the signifi-
cance of small nodules before they could be accepted for
general clinical practice. Moreover, the prevalence and
clinical outcome of noncalcified pulmonary nodules is not
well established for the population with a low to moderate
risk for lung cancer, because most lung cancer screening
studies using CT have only enrolled individuals at high risk.
We conducted a study to determine the prevalence and
outcome of solid noncalcified pulmonary nodules less than
1 cm in diameter detected in chest CT scans performed as an
initial modality for all individuals who wanted such screen-
ing for lung cancer. This included individuals at both high
and low risk for lung cancer.
Methods
Subjects
We reviewed reports of low-dose chest CT scans performed
from October 2003 to April 2005 at the Seoul National
University Hospital Healthcare System Gangnam Center.
Low-dose chest CT scanning was performed when patients
requested an intensive screening program focused on cancer
or respiratory disease. We reviewed the reports to find
patients with noncalcified pulmonary nodules that were
smaller than 10mm in maximum diameter.Patients who had no further follow-up within 12 months
were excluded, as were patients with partly solid or nonsolid
nodules (ground-glass opacities). Otherwise, any patient
with a solid noncalcified subcentimeter nodule was in-
cluded, regardless of age and smoking history.
Study design
We divided the screened individuals into two groups: those
whose largest nodule had a diameter of less than 5mm and
those with nodules larger than 5mm, with the expectation
that a nodule smaller than 5mm would give a lower risk of
malignancy.14,15 We analyzed whether age, sex or smoking
history differed significantly between the two groups. We
also determined whether any changes in the size of the
nodules were related to the size of the largest initial nodule.
The number of nodules detected was evaluated for every
patient, and all nodules were reviewed to determine
whether they had changed in size. Both patient-based and
nodule-based analyses were performed.
Scanning
For small (o10mm) solid noncalcified nodules detected on
baseline CT scans, patients were recommended to perform
follow-up CT scans. The period was individualized according
to smoking history, size of the noncalcified nodule and the
patient’s anxiety level.
Low-dose spiral CT scanning was performed with a
16-detector scanner (SOMATOM Sensation 16, Siemens
Medical Systems, Munich, Germany) and the following
technique: 0.75mm collimation  16 channels; 5mm thick-
ness reconstruction with 5mm intervals; pitch (ratio of
travel per rotation to total beam width), 1.0; 120 kVp and 40
(120mA/0.33 s)mAs. Thin-section CT scans throughout the
nodule were obtained if it was required for nodule
characterization. Each nodule’s size was evaluated in two
orthogonal dimensions.
Statistical analysis
Differences in age between the two groups were compared
using Student’s t-test. Differences in smoking history and
age between the two groups were compared using the Chi-
squared test, as was the proportion of nodules that changed
in size between the two groups. We used the SPSS software
package version 12.0 (SPSS Inc., Chicago, IL, USA), and
Po0.05 was assumed to be significant.
Results
A total of 3478 chest CT examinations were performed from
October 2003 to April 2005. Small noncalcified nodules were
found in 232 patients (6.7%). One hundred and thirty-eight
patients met the inclusion criteria. One hundred and four
were men (75%) and 34 were women (25%). The median age
was 54 years (range 32–80). Seventy-five of the patients had
a single nodule (54%) and 63 had multiple nodules (46%).
Most patients (128, 93%) had fewer than three nodules
(Table 1).
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Table 1 Number of nodules.
No. of nodules No. of patients (n ¼ 138)
1 75 (54%)
2 30 (22%)
3 22 (16%)
4 6 (4%)
5 2 (1%)
6 1 (1%)
7 1 (1%)
X8 1 (1%)
Table 2 Smoking status of the patients.
Low- and intermediate-risk group (n ¼ 86, 62%)
Never smoked 48 (35%)
Former smoker (quit 410 years ago) 16 (12%)
Current smoker (p20 pack-years) 22 (16%)
High-risk group (n ¼ 28, 20%)
Current smoker (420 pack-years) 28 (20%)
Patients with unknown risk (n ¼ 24, 18%)
Smoking history unavailable 15 (11%)
Former smoker (quit p10 years ago, pack-
year unspecified)
9 (7%)
Table 3 Age, sex and smoking history of patients whose
largest nodule was 5mm or more in diameter and
patients whose largest nodule was less than 5mm in
diameter.
X5mm
(n ¼ 51)
o5mm
(n ¼ 87)
P
Age (years) 50.7 55.4 0.009
Sex (M/F) 36/15 68/19 0.319
Current smoker,
420 pack-years
13/45 (29%) 15/68 (22%) 0.505
Note: Among the patients whose largest nodule was 5mm or
more in diameter, the complete smoking history was
available for 45. Among the patients whose largest nodule
was less than 5mm in diameter, the complete smoking history
was available for 68.
Table 4 Change in the size of nodules.
X5mm
(n ¼ 51)
o5mm
(n ¼ 87)
P
Nodules increased in size 0 0
0.216Nodules unchanged in size 41 (80%) 77 (89%)
Nodules decreased in size 10 (20%) 10 (11%)
S.-M. Jin et al.1882The median duration from initial CT to first follow-up CT
scan was 6 months (range 3–12). To confirm the stability of
nodule size, one or more additional follow-up CT scans were
done and 67 patients (49%) had their latest follow-up CTscan
at 12 months or later. The median duration from initial CT
scan to latest follow-up CT scan was 9 months (range 3–24).
Among the 138 patients who met the inclusion criteria, 48
(35%) had never smoked. Fifty patients (36%) were current
smokers. Among these, the amount of smoking exposure was
less than or equal to 20 pack-years in 22 patients (16%) and
more than 20 pack-years in 28 (20%). Sixteen patients (12%)
were former smokers who had stopped more than 10 years
previously, and nine (7%) were former smokers who had
stopped smoking at 10 years or less previously. Fifteen
patients (11%) did not complete the questionnaire asking
about smoking status (Table 2).
Eighty-seven patients had nodules less than 5mm in
diameter (63%), and in 51 (37%), the largest nodule was
5mm or more in diameter. The mean ages of the patients
whose largest nodule was 5mm or more in diameter and the
patients whose largest nodule was less than 5mm in
diameter were 50.7710.4 and 55.479.2 years, respec-
tively. There were no significant differences in sex or
smoking status between patients whose largest nodule was
5mm or more in diameter and patients whose largest nodule
was less than 5mm in diameter (Table 3).
For 88 patients whose largest nodule was less than 5mm
in diameter, no nodules increased in size. In 10 patients
(11%), the nodules had disappeared or decreased in size
when the initial follow-up CT scan was done. For one
patient, three nodules were unchanged in size when follow-
up CT scans were done at 3 and 6 months after the initial CTscan, but the nodules had disappeared at 9 months. Except
for this patient, all nodules were unchanged in size when
additional follow-up CT scans were done. In this patient
group, the median duration from initial CT scan to latest
follow-up CT scan was 6 months (range 3–24).
For 51 patients whose largest nodule was 5mm or more in
diameter, no nodules increased in size. In 10 patients (20%),
the nodules had disappeared or decreased in size at the
initial follow-up CT scan. All nodules were unchanged in size
when additional follow-up CT scans were done. In this
patient group, the median duration from initial CT scan to
latest follow-up CT scan was 12 months (range 3–24).
The proportion of patients who had nodules that
changed in size was not different between the group
whose largest nodule was 5mm or more in diameter and
the group whose largest nodule was less than 5mm in
diameter (Table 4).
In the nodule analysis, 213 nodules were found; 155 were
less than 5mm in diameter (73%) and 58 (27%) were 5mm or
more in diameter. Most nodules did not change in size; none
increased in size and 29 nodules (14%) diminished at follow-
up CT scans performed within 12 months. In the 155 nodules
less than 5mm in diameter, none increased in size and 17
(10%) diminished at the follow-up CT scans. For the 58
nodules larger than 5mm in diameter, none increased in size
and 12 (21%) diminished at follow-up CT scans.
Among the 138 patients who met the inclusion criteria,
none of the 138 patients underwent biopsy of the pulmonary
nodule. Two of the patients presented leukocytosis and
three of the patients had CRP (C-reactive protein) level
higher than 0.5mg/dL. The median CRP level (mg/dL) was
0.04 (range 0.01–1.12).
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In our study, chest CT reports of 232 patients (6.7% of 3478
screened individuals) included small noncalcified pulmonary
nodules of less than 1 cm in diameter. Considering we used a
16-detector CTscanner and 0.75mm collimation, this rate of
occurrence is unexpected because it is generally accepted
that the detection rate of small noncalcified nodule is higher
when multidetector scanners are used.2,5,10–13
The low rate of occurrence of small noncalcified
pulmonary nodules in this study could be at least partially
attributed to the inclusion criteria, which did not exclude
individuals with a low to moderate risk for developing lung
cancer. In the era of single detector CT scanners, lower
detection rates (from 11.5% to 12%) were reported by the
studies that did not exclude low- to-moderate-risk indivi-
duals,6,17 than that of the initial ELCAP study (23.3%).2 One
lung cancer screening study conducted in Korea18 reported a
lower detection rate (35%) for noncalcified nodules than
those of other studies (from 43% to 69%) using a CT protocol
with p5mm collimation.12,13 They enrolled both smokers
and nonsmokers (a total of 6406 subjects): 1472 nonsmokers
(23.0%) and 1581 smokers (24.7%) who smoked less than 20
pack-years.
In our study, 86 subjects (62.3%) had never smoked, were
former smokers who had stopped smoking more than 10
years ago or were current smokers who smoked 20 pack-
years or fewer (Table 2). Because the risk of lung cancer
declines after an individual stops smoking, although it never
becomes as low as abstainers19 and the extent of smoking is
related to the risk of lung cancer, our study would have
included more low- to-moderate-risk individuals than the
studies mentioned above. We also excluded noncalcified
nodules 10mm or more in diameter, so the rate of detection
was lower than in those studies that included all noncalci-
fied nodules.
In this retrospective study, none of the 213 small solid
noncalcified nodules (from 88 patients) less than 5mm in
diameter increased in size when the median duration from
the initial CT scan to latest follow-up CT scan was 6 months
(range 3–24). There is some evidence that the chance of
nodule growth is slim for this group. For example, Henschke
et al.14 reviewed baseline CT screening of 2987 high-risk
individuals. When the largest nodule was smaller than
5.0mm, there were no malignant nodules out of 378
examined. Therefore, they concluded that noncalcified
nodules smaller than 5mm found in CT screening do not
justify immediate follow-up, only annual repeat screening.
A similar study conducted in Thailand15 found that no
nodules less than 5mm in diameter found in CT scans of 414
patients had grown on follow-up imaging within 12 months.
Chong et al.18 reviewed screening CT scans of 6406
asymptomatic Korean adults aged 45 years or older.
At initial CT, 35% (2255 of 6406) had at least one or more
noncalcified nodules. The overall lung cancer detection rate
was 0.36% (23 of 6406). Among the 23 patients diagnosed
with lung cancer, none had noncalcified nodules less than
5mm in diameter at the initial screening. However, among
these 23 patients, 5 had solid noncalcified nodules 5–9mm in
diameter at the initial CT scan. In accordance with this
finding, some management algorithms recommend only a
repeat CT at 1 year for a solid nodule less than 5mm indiameter. Based on the ELCAP data and the medical
literature from 1993 to 2003 for nodules discovered
incidentally on CT, Libby et al.16 suggested that immediate
biopsy should not be recommended routinely for nodules
smaller than 15mm found on baseline screening. Moreover,
they suggested that it is safe to repeat the CT at 1 year for
patients with noncalcified nodules smaller than 5mm in
diameter.
In our study, among the 58 nodules (from 51 patients)
larger than 5mm in diameter, none increased in size when
the median duration from the initial CTscan to latest follow-
up CT scan was 12 months (range 3–24). Libby et al.16 also
suggested that for solid nodules larger than 5mm or nonsolid
nodules larger than 10mm, three options could be con-
sidered: to perform positron emission tomography, to do
immediate biopsy or to recommend a follow-up CT scan in 6
weeks. In the study of Henschke et al.,14 when the largest
noncalcified nodule was 5–9mm in diameter, the frequency
of malignant nodules was 13 of 238 (6%). Piyavisetpat
et al.15 reviewed follow-up imaging of 173 patients who had
nodules of 5mm or more in diameter and found that lung
cancer developed in three patients within 12 months. These
results are in contrast to our data, in which none of the 58
nodules larger than 5mm in diameter increased in size. This
discrepancy might be partially explained by differences in
the study populations. First, at least 62% of the individuals
were at low and intermediate risk for developing lung
cancer in our study. Second, we excluded the patients with
nonsolid nodules (ground-glass opacity) and partly solid
nodules, which are believed to be more indicative of an
early adenocarcinoma than solid nodules.18,20,21 Therefore,
we need more experience to determine whether annual
repeat CT scanning is adequate for patients with noncalci-
fied nodules 5–9mm in diameter, when the nodule is solid
initially and the patient has a low to intermediate risk for
developing lung cancer.
There are several limitations to this study. First, because
nodules with (ground-glass opacity) and nodules more than
1 cm in their diameter were excluded, the subjects in this
study were considered to be at low risk for developing lung
cancer and biopsy was not done immediately. Because none
of the subjects in our study underwent biopsy of the
pulmonary nodule, and the follow-up period was less than
2 years for most of the subjects, the finding that solid
noncalcified subcentimeter nodules were nearly unchanged
in size over the follow-up period from several months to 2
years does not mean we can exclude malignancy as their
possible diagnosis.
Second, although this study does not adopt computer-
assisted volumetric measurement, differences of the lung
volumes among each follow-up scan could affect the size of
the nodules.22 But this consideration would not be as critical
as that in the studies with computer-assisted volumetric
measurement,22,23 because bi-dimensional assessment of
the nodule size is not so sensitive to subtle changes of the
nodule size as volumetric measurement. Moreover, the
studies with computer-assisted volumetric measure-
ment22,23 compared nodule volume at total lung capacity
with nodule volume at residual volume. The differences
observed in lung volumes on inspiration and expiration scans
are likely far larger than those typically expected on routine
inspiratory follow-up clinical CT scans.
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The prevalence of small noncalcified solid nodules in the
individuals at low to intermediate risk for developing lung
cancer might be lower than among individuals at high risk.
When the patient is at low to intermediate risk for lung
cancer and noncalcified purely solid nodules are less than
10mm in diameter, the chance of nodule growth is very low
when the CT scan is followed up at periods of less than 12
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